The digestibility and heat production values for three fats of different origin were determined. Four pony geldings (225 kg) were used in a study consisting of four successive digestion trials utilizing a 4 • 4 Latin square design. The four dietary treatments were basal alone and supplemented with 15% corn oil, blended fat or inedible tallow. The blended fat was composed of a mixture of animal and vegetable fats. A 7-d preliminary period preceded a 7-d total fecal collection period for each trial. Heat production values were obtained by indirect calorimetry and calculated from oxygen consumption data. Fat supplementation increased (P<.05) dietary metabolizable energy from a basal value of 3,224 kcal.kg intake -1 .d -l to a mean value of 3,984 kcal.kg intake -1 -d -I for the three fat diets. No difference in heat production was observed among the diets, averaging 2,883 kcal.kg intake -1 -d -1 . Fats increased (P<.05) the energy balance (metabolizable energyheat production) approximately 88% over the basal. Corn oil and blended fat produced the greatest energy balance of the fats. Utilization of energy in fats, calculated by difference, was not different, but tended to be highest in blended fat and lowest in the corn oil. Apparent fatty acid digestibility increased (P<.05) with the addition of fat to the basal, partially due to the dilution of endogenous fecal fat, hut digestion coefficients were not different (P>.40) among the high fat diets.
I ntroduction
The high energy content of fats and oils has stimulated research to explore the feeding value of these ingredients for livestock. Beneficial effects of dietary fat on feed conversion efficiency in poultry (Coon et al., 1981) and swine (Leibbrandt et al., 1975) have been shown. Dunkley et al. (1977) reported an increase in milk fat content and yield when protected tallow was fed to cattle. Equine nutritionists are interested in fat utilization from two primary standpoints. First, fats may be a safer energy source for high energy density diets than carbohydrates. High carbohydrate diets have been associated with laminitis in equine, cattle and sheep. Second, fats may have a beneficial effect on the submaximal exercise performance in training and competition regimens (Carlson et al., 1965; Hambleton et al., 1980) . Rich et l Supported by the John Lee Pratt Anita. Nutr. Program.
UPresent address: Anim. Sci. Dept., Univ. of Georgia, Athens.
Received October 23, 1986 . Accepted April 23, 1987 established the palatability and digestibility of several fats by equine. The digestibility of corn oil, calculated by difference, was greater than 90% when incorporated into the basal diet at 10%. However, a greater understanding of fat utilization in equine is needed. This study was undertaken to determine the utilization of energy in three fats of different origin by equines.
Experimental Procedure
Four mature pony geldings averaging 255 kg were used in an experiment consisting of four successive digestion trials utilizing a 4 x 4 Latin square design. The four diets, fed at 12-h intervals, were the basal alone and supplemented with 15% corn oil, blended fat or inedible tallow (table 1) . The blended fat was composed of a mixture of animal and vegetable fats. The fatty acid composition of the supplemental fats is shown in table 1. Fats were substituted into the basal diet for equal amounts of corn, oats, wheat bran and hay as shown in table 2. The diets were fed at 2% of the body weight, determined at the beginning of each trial and collection period. An adjustment period and a 7-d preliminary period preceded a 7-d fecal collection period in each trial. Feces were collected in canvas bags as described by Bowman (1977) . The animals had access to water at all times and were exercised once daily for 30 min on a mechanical walker. Heat production values were obtained by indirect calorimetry methods similar to those reported by Burke and Albert (1978) . Ponies were held in stock while a plexiglass mask was fitted over the lower portion of the a Model DTM-325--4 Singer Dry Test Meter, American Meter Division, Philadelphia, PA 19116.
4 OM-11 and LB-2, Beckman Co., Schillo Park, IL.
head (figure 1). After a 10-min adjustment period, a large, heat-sealed plastic bag was attached to the mask. Two 5-min samples of total expired air were collected. One sample was used to determine the volume of expired air with a dry test flow meter 3. The relative percentages of oxygen and carbon dioxide of the second sample were determined by paramagnetic oxygen and infrared carbon dioxide analyzers 4. Respiratory measurements were made on d 4 during each fecal collection period. Samples were taken at 2-h intervals over a 12-h period from 0700 to 1900. During the 4-d period, each pony was sampled a total of six times. Lights were left on continuously.
Heat production values were calculated based on oxygen consumption, as described by Swift
VALVES protein levels (Hintz and Schryver, 1972) . Fatty acid concentrations were determined by a modification of the procedure of Van de Kamer (1965) . After wet-ashing samples, Ca and Mg were measured with an atomic absorption spectrophotometer s. Phosphorus was determined by the Fiske and Subbarow (1925) procedure. Blood traits were measured in samples taken via jugular puncture at the end of each trial. Plasma cholesterol was determined using the method of Oser (1965) . Procedures of Wijngaarden (1967) were used to measure the serum fatty acids. Serum Ca, Mg and inorganic P levels were determined via the same respective methods of analysis as for dietary mineral levels.
Results were analyzed by the SAS leastsquares analysis (Barr et al., 1976) considering the three main effects of trial, pony and diet. Three non-orthogonial contrasts were made. The first contrast compared the basal against the three fat diets, the second contrast compared the blended fat against corn oil and inedible tallow, and the third contrast compared the corn oil against the blended fat and inedible tallow diets. This final comparison was chosen based on previous results from Bowman (1977) in which corn oil compared favorably to other fats. and French (1954) . Since heat loss in protein metabolism represents a small amount of the total heat loss, it was not subtracted from total heat production values (Swift and French, 1954) .
Laboratory analysis of the feed and feces for dry matter (DM) and ether extract (EE) were by AOAC methods (1980) . Fecal nitrogen was determined on wet samples (Stone and Fontenot, 1965) . Cell walls, cell solubles and acid detergent fiber (ADF) values were determined by the methods of Goering and Van Soest (1970) . The bomb calorimeter was used to make energy determinations. To calculate metaboliable energy, an endogenous urinary nitrogen loss of 153 mg/kg body weight'Ts d-1 was assumed, since diets did not differ in s Perkin-Elmer, Model 403, Norwalk, CT.
Results and Discussion
The apparent digestibility of proximate and cell wall components of the diets are given in table 3. There was a trend for DM digestibility to be higher for the corn oil diet than for the other diets. Rich et al. (1981) reported similar results, but Kane et al. (1979) found a trend for decreases in DM digestibility with the inclusion of corn oil in the diet. The difference in the methods of adding fat may account for this inconsistency. Kane et al. (1979) increased the digestible energy content 15 and 30% with the addition of corn oil to a constant amount of oats in the basal and experimental diets. A decrease (P<.05) in dry matter digestibility was reported when protected tallow was added to a roughage-based diet for cattle (Haaland et al., 1981) . In the present study, the addition of fat did not affect apparent protein digestibility, which supports earlier work (Bowman, 1977; Rich et al., 1981) .
The increased apparent EE digestibility confirms previous equine research, and is partially attributed to the supplemented fat bstandard error of the mean.
diluting the endogenous fecal fat, enhancing apparent digestibility. The magnitude of difference between the basal and fat-supplemented diets also suggests that the fats were more readily digested than the grain fat (Bowman, 1977; Kane et al., 1979; Rich et al., 1981) .
Digestibility values for cell contents, NDF and ADF components did not differ significantly with the addition of fat, but the values tended to be higher for the corn oil diet.
The apparent digestibility of fatty acids in the diet increased (P<.01) with the addition of fat (table 4) . This effect is partially due to the dilution of the endogenous fecal fat. Fatty acid digestibility tended to be higher for the corn oil diet, but was not significantly greater than the other fat-supplemented diets. Rich et al. (1981) reported a higher fatty acid digestibility for a 15% corn oil diet than for blended or inedible tallow diets.
When the apparent fatty acid digestibilities were corrected for metabolic fecal fat, the basal value rose to 58.9% but was still lower (P<.O1) than for the three supplemented diets. True digestibility tended to be higher for corn oil, which agrees closely with results reported by Rich et al. (1981) for a 15% corn oil diet.
Although differences were not significant, the addition of 15% fat to the basal diet tended to increase the mean apparent energy digestibility (table 5) .
The mean digestible energy expressed as kcal.kg intake -1.d -1 was lower (P<.05) for the basal than for the three fat diets (table 4). The diets containing 15% fat averaged 4,001 kcal.kg intake -1 .d -1 . Among the fat-supplemented diets, the corn oil diet tended to be higher in digestible energy. Kane et al. (1979) demonstrated an increase in digestible energy with the addition of two levels of corn oil. Since facilities did not permit a total urine collection, metabolizable energy values were calculated for each diet based on a constant urinary energy value obtained by Hintz and Schryver (1972) with similar equine. Metabolizable energy for the basal diet was lower (P<.05) than for the fat-supplemented diets.
No differences (P>.10) were observed in heat production across the four dietary treatments. Heat production tended to be higher for the fat diets, but this apparent trend is more reflective of the increased energy content of the diets than the sole presence of dietary fat. When expressed as a percent of the digestible energy, heat production values for the fat diets were less than the basal.
Since an accurate net energy value could not be derived, an energy balance value was calculated, similar to that used by Kane et al. (1979) , for each diet by subtracting the heat production from the respective metabolizable energy values. The addition of I5% fat to the basal increased (P<.05) the energy balance approximately 88% over the basal. Kane et al. (1979) reported an energy balance increase (P<.01) with the addition of corn oil.
The final energy balance values represented 17.0, 27.5, 29.1 and 20.8% of the metabolizable energy (ME) for the basal, corn oil, blended fat and inedible tallow diets, respectively. Although the energy balance values estimate energy above the heat production and maintenance requirements, an average weight change of only 1.3 kg/animal was recorded. The energy balance of the basal diet fed at maintenance by Kane et al. (1979) represented approximately 30% of the original ME value. The authors weighed the ponies daily but made no reference to any changes in body weight. The different types of calorimetry apparatus (chamber vs gas mask) used in these two studies could account for some of the differences.
The digestible and metabolizable energy values for the fats, calculated by differences, were not different (P>.05), as shown in table 6. No difference in heat production was observed. The final energy balance values for the fats were not different, but blended fat tended to have the highest value.
The lowest (P<.05) Ca absorption among acalculated by difference (Crampton and Harris, 1969) .
the fat-supplemented diets was associated with the blended fat. Previous reports have indicated that fat-supplemented diets may depress (P<.05) Ca absorption in poultry (Fedde et al., 1960) and sheep (Tillman and Brethour, 1958) . Dietary fat had no effect on Ca absorption in horses (Bowman, 1977) , lactating dairy cattle (Sharma et al., 1978) , swine (Newman et al., 1967) or lambs (Davison and Woods, 1961) . Because the serum Ca levels (table 7) were not different among all diets and were within the normal range (Dietz and Wesner, 1984) , the biological significance of the greater Ca absorption for the corn oil is not apparent. Apparent absorption values for P were within the normal range and did not differ significantly. Earlier reports have also shown no effect of fats on phosphorus absorption (Tillman and Brethour, 1958; Bowman, 1977; Newman et al., 1967; Rich et al., 1981) . Apparent absorption of magnesium did not differ across dietary treatments. Dietary treatments did not affect serum Ca and Mg (table 8). Inorganic P was lower (P<.05) for the ponies fed the basal than for those fed the supplemented diets. There is no apparent explanation for this difference.
Supplemental fat had no effect on the plasma cholesterol levels (table 8) . Values are within the range reported by Goodman et al. (1973) , Hambleton et al. (1980) , and Rich et al. (1981) .
The distribution of serum fatty acids is shown in table 9. Since fats are primarily absorbed in the small intestines (Hertel, et al., 1970) , the microbial population in large intestines does not play a significant role in the hydrolysis and saturation of the fatty acids. Thus, serum fatty acids are largely dependent on the dietary levels. The serum level of palmitic acid was higher (P<.05) for the basal than for the three fat diets, but this difference cannot be explained. Stearic acid levels did not differ among the diets. Serum oleic level was lower for ponies fed the blended fat diet (P<.01) than for those that received corn oil or inedible tallow diet. The intermediate oleic level for the corn oil diet was different (P<.05) CLower than values for fat-supplemented diets (P<.05). from the blended fat and inedible tallow diets. A similar trend in serum oleic levels was observed by Rich et al. (1981) . The inedible tallow diet produced the highest level of oleic acid, followed by corn oil and blended fat. This corresponds to the greater concentration of oleic acid in inedible tallow, compared with corn oil and blended fat, 44.2% vs 25.7 and 20.4%, respectively. Serum linoleic acid levels tended to be lower when ponies were fed the basal diet, but no significant difference was observed. Linoleic acid represented the greatest proportion of fatty acids. Hambleton et al. (1980) also found linoleic acid to be present in the greatest proportions in equine serum. In summary, the equine diet can be supplemented with exogenous dietary fat without increasing heat production. The final energy balance of the diets was approximately 88% greater with the addition of fat, regardless of the source. Therefore, supplemental fat can increase the energy density of the diet fed to high-performance equine.
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